Jadeitite exhibiting jadeite with quartz inclusions has been newly found in the Nishisonogi metamorphic rocks, Kyushu, Japan. The jadeitites occur in boulders from a riverbed, together with boulders of albitites, clinozoisite muscovite rocks, and serpentinites. The distribution of these boulders is confined to an area that is downstream from an outcrop of a serpentinite melange, suggesting that they were originally tectonic blocks in this serpentinite melange. The jadeitites consist mainly of jadeite with small amounts of muscovite, paragonite, phlogopite, albite, analcime, clinozoisite, and titanite. The jadeite consists of a core with abundant inclusions of quartz and omphacite, and a rim that is free from quartz inclusions. The quartz inclusions are in direct contact with the host jadeite, which has an almost pure NaAlSi 2 O 6 composition (Jd 100 Jd 95 ). The volume fraction of the quartz inclusions (V Qtz /(V Jd + V Qtz ) = 0.20 0.28) in the jadeite core is close to the value (V Qtz /(V Jd + V Qtz ) = 0.27) of quartz produced by the reaction albite = jadeite + quartz. These findings suggest that the jadeite core was produced by an isochemical breakdown of albite at high P/T conditions. In addition, the jadeite is locally replaced by albite and/or analcime at the rim and along microfractures. These microtextures provide information to deduce a retrograde P T path during the exhumation of the jadeitite.
INTRODUCTION
Jadeitites generally occur as a tectonic block in serpentinite melanges from a high P/T metamorphic terrane. Famous examples include Myanmar (Bleeck, 1908) , California (Coleman, 1961) , and Guatemala (Harlow, 1994) . In Japan, jadeitites have been found in the Sangun metamorphic belt at Ohmi (Kawano, 1939; Omori, 1939; Iwao, 1953; Chihara, 1971) , at Wakasa (Masutomi, 1966; Harada, 1968) , at Oya and Oosa (Kobayashi et al., 1987) , and in the Nishisonogi metamorphic rocks at Mie (Nishiyama, 1978 (Nishiyama, , 1989 . Although these peculiar rocks have attracted the attention of many petrologists, their monomineralic nature prevents petrologists from estimating the exact pressure and temperature conditions of the metamorphism, and makes an understanding of their genesis difficult. Models of isochemical reactions, such as nepheline + albite = 2 jadeite, or analcime = jadeite + H 2 O, have been proposed for the above genesis (Bleeck, 1908; Coleman, 1961) . However, these models involve an apparent difficulty, in that protoliths consisting of nepheline + albite or analcime alone are very rare. A more probable candidate for the jadeite producing reaction is albite = jadeite + quartz. This is a common reaction in the high P/T metamorphism, but it cannot produce monomineralic jadeitite without removing SiO 2 from the rock.
We reports on a new occurrence of monomineralic jadeitites from the Nishisonogi metamorphic rocks at Tone, the town of Kinkai, in the eastern part of the Nishisonogi Peninsula, Kyushu, Japan. These occur as several blocks derived from a serpentinite melange, which is an extension of the serpentinite melange involving jadeitites occurring at Mie. We have noticed the presence of quartz inclusions in the jadeite cores of the Tone samples.
Several workers have studied inclusions in jadeite in detail, because they can provide information on the pressure and temperature conditions during the growth of the jadeite. For example, Andreoli et al. (1976) described nodular layers consisting of jadeite megablasts with inclusions of quartz, phengite, garnet, and rutile within eclogitic mica schists taken from the western Alps. They described the layers as forming from pre Alpine silicic dykes during the early Alpine high P/T metamorphism. Miyazaki et al. (1998) found quartz, glaucophane, phengite, and garnet inclusions in jadeite in a jadeite quartz glaucophane rock forming a tectonic block in serpentinite occurring at Karangsambung in central Java, Indonesia, and estimated the P / T conditions of the metamorphism. Radvanec et al. (1998) described a three dimensional image of chemical zoning in a jadeitic pyroxene with quartz, lawsonite, and titanite inclusions occurring in Franciscan quartzose metagraywackes. They suggested that a complex growth history had occurred. Harlow (1994) recognized fine albite inclusions in jadeite in Guatemalan jadeitites, which showed a constraint in the pressure below the jadeite + quartz = albite boundary. Our observation of minute quartz inclusions in jadeite provides strong evidence for an isochemical breakdown of albite in the incipient stage of jadeitite formation, which will be discussed in detail.
GEOLOGICAL SETTING
The Nishisonogi metamorphic rocks are a subduction complex of late Cretaceous in age (Hattori and Shibata, 1982) . They consist mainly of pelitic, psammitic, and basic schists, with small amounts of serpentinites (Fig. 1) . Schistosity strikes N S, and dips east in the eastern part and west in the western part of the study area. The serpentinites occur either as serpentinite melanges or as small pods having tectonic contacts with the surrounding schists. The serpentinite melanges have been emplaced subparallel to the schistosity of the schists.
The schists belong to the transitional grade between the epidote glaucophane and epidote amphibolite facies of the metamorphism (Nishiyama, 1990) . The mineral assemblage of the basic schists is represented by actinolite/barroisite + epidote + chlorite + albite ± quartz and glaucophane/crossite + epidote + chlorite + albite + hematite ± quartz. The former assemblage is dominant. The representative mineral assemblages of the pelitic and psammitic schists are garnet + chlorite + muscovite + albite + quartz + graphite and chlorite + muscovite + quartz ± albite ± garnet, respectively. In the eastern part of the Nishisonogi Peninsula, the graphite free psammitic schist includes glaucophane/crossite, hematite, and rutile in addition to the above minerals (Nishiyama, 1989) .
The serpentinite melanges consist of various types of tectonic blocks within schistose serpentinite and ultramafic schist matrices. Representative rock types of the tectonic blocks are metabasites, albitites, jadeitites, ompha- cite rocks, rodingites, zoisite rocks, and epidote garnet crossite barroisite rocks (Nishiyama, 1989) . Nishiyama (1978 Nishiyama ( , 1989 and Nishiyama et al. (1986) have reported on tectonic blocks of jadeitites and omphacite rocks from a serpentinite melange at Mie in the southern part of the Nishisonogi Peninsula. The jadeitites at Mie do not contain quartz, and the jadeitic pyroxenes show a wide compositional range from omphacite to jadeite. The omphacite rocks contain localized quartz grains in contact with omphacite having a lower jadeite content (Jd 30 ) than other parts (Jd 40 ) of the same sample (Nishiyama, 1989) . Pure jadeite coexisting with quartz has not been previously reported in the Nishisonogi metamorphic rocks.
MODE OF OCCURRENCE OF JADEITITE
The jadeitites described in this paper were newly found as boulders in a riverbed at Tone (Fig. 2 ). This area is mainly underlain by the pelitic schist, whose schistosity strikes NE SW and dips moderately east. The boulders of the jadeitites occur in a limited area along the river, together with boulders of albitites, clinozoisite muscovite rocks, and serpentinites. The distribution of these boulders is confined to the downstream area of an outcrop of serpentinite melange, which can be the northern extension of the serpentinite melange at Mie (see Fig. 1 ). Such a distribution suggests that the jadeitites and related rocks are tectonic blocks that were originally included in the serpentinite melange. The jadeitite boulders are 1 4 m in diameter. The jadeitites are pale bluish green, massive, and coarse grained. They have been completely recrystallized, and do not retain the original rock texture.
PETROGRAPHY
The minerals and microtexture of the jadeitite were examined using a polarizing microscope and a JEOL JSM 5600 scanning electron microscope (SEM) at Kumamoto University, Japan. An Oxford Instruments Link ISIS analytical system (EDS) combined with the SEM was used to carry out chemical analysis of the minerals. The accelerating voltage was 20 kV, and the electron beam current was 1.3 × 10 8 A. The micas, analcime, and clinozoisite were analyzed using a JEOL JCXA 733 electron probe microanalyzer (WDS) at Kyushu University, Japan. The accelerating voltage was 15 kV, and the electron beam current was 8 × 10 9 A. The modal composition of the jadeitites was measured by counting 2000 points in each thin section after SEM and EDS observation. The results are shown in Table 1 , where the paragonite and phlogopite data are presented together, as they could not be distinguished optically under the microscope (see below).
Thirteen jadeitite boulders were examined. All the jadeitites have an equigranular texture. The mineral assemblage of the matrix phases is jadeite + muscovite + paragonite + phlogopite + albite ± analcime ± clinozoisite ± titanite, with minor amounts of apatite, zircon, and monazite. The mode of jadeite ranges from 65 to 95 vol%. The jadeite occurs as subhedral prismatic grains, about 4 mm long, that has many quartz and omphacite inclusions in the core (Fig. 3a) . The quartz inclusions exhibit subhedral shapes, 1 20 μm in diameter, and are in direct con- tact with the host jadeite (Fig. 3b) . The omphacite inclusions are 1 10 μm in diameter, and are less abundant than the quartz inclusions in the core. The rims of the jadeite have a small number of omphacite inclusions (1 20 μm), and are free from quartz inclusions. Muscovite, paragonite, and phlogopite are found in all the samples. The muscovite occurs as fine grained aggregates in the interstices between the jadeite grains, and can be distinguished from other micas. Individual muscovite grains are less than 0.5 mm in length, and the aggregates are 1 4 mm in diameter. Paragonite and phlogopite occur as coarse grained flakes (> 2 mm in length). The former mineral is colorless, and the latter mineral exhibits a weak pleochroism from colorless to very pale green. The mode of albite varies from 0.5 to 30 vol%. Albite replaces the rim of the jadeite, and includes many jadeite crystals with irregular shapes (Fig. 3c) . The jadeite grains in the albite typically show simultaneous extinction. This replacement reaches the jadeite core in some places (Fig. 3d) . Albite also occurs along microfractures in the jadeite (Fig. 3e) . Analcime occurs at the grain boundaries between the jadeite and muscovite (Fig. 3f) , between the paragonite and muscovite, and locally between jadeite grains. It also occurs along microfractures in jadeite (Fig. 3g) . Clinozoisite occurs as subhedral or anhedral grains, less than 3 mm long. It typically has an euhedral core with high Ce, La, Nd, and Sr contents, and a rim that is almost free from those elements (see below).
The most striking feature of the jadeitite from Tone is that the jadeite has many quartz inclusions in the core. The abundance of quartz inclusions in the cores of 20 jadeite grains from Sample I was measured using Adobe Photoshop™ 7.0 image processing software installed on a personal computer from analysis of back scattered elec- tron images. The method used is the same as Nishimoto (1996) . The results are shown in Table 2 
MINERAL CHEMISTRY
Representative data from our analysis of the minerals are shown in Table 3 . Unless otherwise noted, the minerals lack compositional zoning. Table 2 . Abundance of quartz and omphacite inclusions in the jadeite cores Jadeite Jadeite (Jd), aegirine (Ae), and Ca Mg Fe pyroxenes (Quad) end member contents of jadeite were calculated using the method of Morimoto et al. (1988) , except that all the iron was assumed to be as Fe
3+
. Because the analyzed jadeite has a very low Fe content, this assumption does not affect the following discussion. The calculated results are shown in Figure 5 . The jadeite core is characterized as having an almost pure NaAlSi 2 O 6 composition. The core composition varies from Jd 100 Ae 0 Quad 0 to Jd 95 Ae 2 Quad 3 . The jadeite rims show a wide variation in composition ranging from Jd 98 Ae 1 Quad 1 to Jd 81 Ae 7 Quad 12 .
Omphacite
The end member compositions of omphacite were calculated using the same method as that used for jadeite (Fig.  5) 
Muscovite
The muscovite has a phengitic composition, with a Si content of 6.98 7.22 atoms per formula unit (apfu) based on 22 oxygen atoms and a Mg/(Mg + Fe) ratio of 0.87 0.94. It contains a Na + K sum equal to 1.94 1.99 apfu, and has a K/(Na + K) ratio of 0.94 0.96. A minor amount of BaO (< 0.67 wt%) is detected in some muscovite analyses.
Paragonite
The paragonite contains a Na + K sum equal to 1.92 1.98 apfu based on 22 oxygen atoms, and has a Na/(Na + K) ratio of 0.90 0.96. The Si content varies from 6.09 to 6.21. Minor amounts of MgO (< 0.36 wt%) and FeO (< 0.41 wt%) are present in some paragonite analyses.
Phlogopite
The phlogopite contains a Si content of 5.56 5.73 apfu, based on 22 oxygen atoms, and has a Mg/(Mg + Fe) ratio of 0.80 0.84. It contains a Na + K sum equal to 1.84 1.98 apfu, and has a Na/(Na + K) ratio of 0.04 0.06. A minor amount of BaO (< 0.43 wt%) is detected in some phlogopite analyses.
Albite
The albite has an almost pure NaAlSi 3 O 8 composition.
Analcime
The analcime contains a Ca + Na + K sum equal to 0.90 0.92 apfu, based on 6 oxygen atoms. It has a Na/(Ca + Na + K) ratio of 0.94, and a K/(Ca + Na + K) ratio of 0.03. The Si and Al contents are about 2.00 and 1.03 apfu, respectively.
Clinozoisite
All the iron in the clinozoisite was assumed to be as Fe 3+ . The clinozoisite core contains notable amounts of Ce 2 O 3 (6.6 8.5 wt%), La 2 O 3 (2.9 5.6 wt%), Nd 2 O 3 (1.4 2.1 wt%), and SrO (0.4 1.2 wt%). A minor amount of ThO 2 is detected in the core on qualitative analysis. The considerable amount of REE (Ce + La + Nd = 0.49) suggests that some iron in the core is in the ferrous state to maintain charge balance in such a clinozoisite (Gieré and Sorensen, 2004) . The clinozoisite rim has a Fe 3+ /(Fe 3+ + Al) ratio of 0.11 0.12. The Ce 2 O 3 , La 2 O 3 , Nd 2 O 3 , and SrO contents are very low in the rim. The MnO content is below 0.50 wt% in all the clinozoisite analyses.
DISCUSSION

Nucleation and growth of jadeite
A salient microtextural feature of the jadeitite is that the jadeite has quartz inclusions in the cores (Fig. 3a, b) . The quartz inclusions are in direct contact with the host jadeite, which has an almost pure NaAlSi 2 O 6 composition (Jd 100 Jd 95 ). No albite is found at the contact between quartz and jadeite. As shown in Figure 6 , the paragenesis of pure jadeite and quartz indicates that the lower pressure limit of the nucleation of jadeite is defined by the following reaction:
NaAlSi 3 O 8 = NaAlSi 2 O 6 + SiO 2 (1). albite jadeite quartz
When the albite is decomposed in Reaction (1), the volume fraction of quartz in the product is defined by , data from Holland and Powell, 1998) of jadeite and quartz, respectively, and the observed volume fractions of the quartz inclusions are close to this value in the jadeite cores (see Fig. 4 ). These findings strongly suggest that the jadeite cores were produced by an isochemical breakdown of albite. As for the omphacite inclusions, we do not have any information on an omphacite forming reaction. We can only say that a miscibility gap between the omphacite and jadeite existed during the growth of the jadeite, because the omphacite inclusions do not exhibit an exsolusion texture.
The mechanism of a process forming a jadeite rim that is free from quartz is not clear. Quartz is also absent from the mineral assemblage of the jadeitite matrix. The absence of quartz probably reflects that silica activity in the intergranular fluid was below a value of unity during the formation of the rim. Under such conditions, Reaction (1) is inappropriate, and an alternative reaction occurs: The rim was perhaps formed by such a reaction involving a loss of silica from the jadeitite. This is based on the assumption that the parent rock was albitite. An albitite boulder was found in this area, but rocks with a lower SiO 2 content than albitite, such as a nephelinite or an analcime rock were not found.
Retrograde reactions
The jadeitite shows two types of retrograde textures. One is albite or analcime replacing the jadeite at the rim (Fig.  3c, f) , and the other is albite or analcime replacing jadeite along the microfractures (Fig. 3e, g ). These textures indicate that the following retrograde reactions occurred: The univariant curves were calculated using the THERMOCALC 2.7 software package (Holland and Powell, 1998 The matrix assemblage of clinozoisite + albite + paragonite represents the higher temperature sides of Reactions (5) and (7). The presence of jadeite and the absence of nepheline indicate the lower temperature side of Reaction (6). The P T path finally reaches the triangular region (i.e., the shaded region in Figure 6 ) Reactions (3), (5), and (6). These reaction curves are represented in the case where the H 2 O activity = 1. The arrow in Figure 6 indicates a possible retrograde P T path of the jadeitite. The peak metamorphic conditions will be at pressures higher than 1.3 GPa and at temperatures above 400 °C. The pressure is higher than that inferred from the schists (epidote glaucophane schist facies to epidote amphibolite facies). Reactions (3) and (4) also suggest the infiltration of SiO 2 bearing aqueous fluid into the jadeitite during retrogression. A geological event that can lead to the microfractures being filled with albite and analcime is not known. The quartz inclusions in the jadeite core have not reacted with the host jadeite. The reason for this may be that the inclusions have been isolated from both the matrix minerals and the intergranular fluids. The inclusions along the jadeite microfractures are not quartz, but albite (Fig. 3e) . This observation supports the above suggestion.
CONCLUSIONS
1. A new locality of jadeitites was found at Tone, in the eastern part of Nishisonogi Peninsula, Kyushu, Japan. 2. In the jadeitite, the jadeite has many quartz inclusions in the core, and the quartz inclusions are in direct contact with the host jadeite. The volume fraction of the quartz inclusions in the jadeite core is close to that of quartz produced by the reaction albite = jadeite + quartz. These findings suggest that the jadeite core was produced by an isochemical breakdown of albite. 3. The microtexture and matrix mineral assemblage of the jadeitite indicates a possible retrograde P T path. This path starts from the stability field of jadeite + quartz, and reaches the triangular region bound by the reactions of Jd + H 2 O = Anl, 4Lw + 2Anl = 2Czo + Pg + Ab + 8H 2 O, and 2Jd = Ab + Ne.
